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SEMICONDUCTOR PACKAGE WITH SUBSTRATE COUPLED TO A 
PERIPHERAL SIDE SURFACE OF A SEMICONDUCTOR DIE 

Byong II Heo 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The field of the present invention is semiconductor packaging. 

2. Description of the Related Art 

[0002] One type of conventional semiconductor package includes a rectangular 
semiconductor die having an active surface with bond pads thereon, an inactive surface 
opposite the active surface, and four planar side surfaces between the active and inactive 
surfaces. The inactive surface is attached to a substrate of the semiconductor package 
with a layer of a die attach adhesive. The substrate includes a first surface and an 
opposite second surface, each of which includes a plurality of circuit patterns. The circuit 
patterns of the first surface are electrically coupled to the circuit patterns of the second 
surface by vias through the substrate. The bond pads of the semiconductor die are 
electrically coupled to the circuit patterns of the first surface of the substrate by 
conductive wires. The semiconductor die and the first surface of the substrate are 
covered by a plastic encapsulant. Finally, a plurality of solder balls are fused to the 
circuit patterns of the second surface of the substrate to serve as external interconnects for 
the semiconductor package. 

[0003] This conventional semiconductor package has several drawbacks. One drawback 
of the conventional semiconductor package arises from the relatively-long metal wires 
that electrically couple the semiconductor die to the substrate. The greater the length of 
the wire, the lesser the electrical efficiency of the package. Restrictions on the length of 
the metal wires limits the arrangement of the bond pads of the semiconductor die and the 
design of the electrically conductive circuit patterns of the substrate. Moreover, since the 
substrate is much larger than the semiconductor die, the conventional semiconductor 
package is relatively large, which is undesirable in certain applications. Finally, because 
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the semiconductor die is covered by the encapsulant, heat radiation from the 
semiconductor die is made more difficult. 

[0004] To reduce the vertical height of the semiconductor package, i.e., the package's 
thickness between the bottom of the solder balls and the top surface of the encapsulant, 
the semiconductor die is thinned by a process of grinding, polishing, or etching the 
inactive surface of the semiconductor die prior to the severing of the semiconductor die 
from a semiconductor wafer. The thickness of the semiconductor dies of the wafer 
between their respective active and inactive surfaces is approximately 29 mils prior to the 
thinning process, and is approximately 6 mils after the thinning process. After the 
thinning process, the semiconductor dies are singulated from the wafer. However, the 
reduced thickness of the semiconductor dies creates problems during package assembly, 
because the thinned wafer and singulated semiconductor dies are difficult to handle, and 
are susceptible to breakage. 

[0005] Accordingly, an improved semiconductor package is desirable. 
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SUMMARY 

[0006] The present invention includes semiconductor packages that are very near in size 
to the semiconductor die that is packaged in the semiconductor package, and occupy a 
small area on an external device, e.g., a printed circuit board, upon which the 
semiconductor package is mounted. 

[0007] A first exemplary embodiment of a semiconductor package within the present 
invention includes a semiconductor die having an active surface, an opposite inactive 
surface, and four parallel planar peripheral side surfaces that extend from the active 
surface to the inactive surface. A substrate of the semiconductor package has the shape 
of a rectangular prism, and is bonded to only a first side surface of the four peripheral 
side surfaces of the semiconductor die by an adhesive layer. The substrate includes an 
insulative core, and electrically conductive circuit patterns, including bond fingers on a 
first surface of the substrate that is coplanar with the active surface, and ball lands on a 
second surface of the substrate that is perpendicular to the active surface and parallel to 
the side surface of the semiconductor die, first surface of the substrate and parallel to the 
active surface of the semiconductor die. Vias extend through the insulative core of the 
substrate and electrically couple the bond fingers to the ball lands. Metal wires 
electrically couple bond pads on the active surface of the semiconductor die to the bond 
fingers. Solder balls are fused to the ball lands. A layer of an insulative encapsulant 
covers the active surface of the semiconductor die, the first surface of the substrate, and 
an intervening planar surface of the adhesive layer. The inactive surface and the 
remaining three side surfaces of the semiconductor die are exposed to the environment. 
The semiconductor package is mounted so that the active and inactive surfaces of the 
semiconductor die are perpendicular to a mounting surface of an external device to which 
the solder balls of the semiconductor package are fused. 

[0008] In a second exemplary embodiment, two substrates are provided, with each 
substrate having the shape of a rectangular prism. Each substrate is bonded to a 
respective one of two opposed parallel side surfaces of the semiconductor die by a 
respective one of two adhesive layers. Unlike the first embodiment mentioned above, the 
ball lands and solder balls are formed on a peripheral third surface of the substrate that is 
in a common plane with the inactive surface of the semiconductor die, rather than on the 
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second surface of the substrate. The encapsulant layer covers the active surface of the 
semiconductor die and the first surface of each of the two substrates. The inactive 
surface of the semiconductor die, and two remaining parallel, opposed side surfaces of 
the semiconductor die are exposed to the environment. The semiconductor package is 
mounted so that the inactive surface of the substrate and the third surface of the substrate 
face the mounting surface of the external device. 

[0009] In a third exemplary embodiment, the conductive wires and the layer of 
encapsulant of the two embodiments mentioned above are replaced by a protective, 
interconnective structure that includes: (1) a plurality of insulative layers that 
successively overlie the active surface of the semiconductor die and the first surface of 
the substrate(s), and the intervening planar surface of the adhesive layer(s), and (2) a 
plurality of conductive circuit patterns that extend through and/or on the insulative layers 
to electrically couple the bond pads of the semiconductor die to the bond fingers of the 
substrate(s). 

[0010] The present invention is best understood by reference to the following detailed 
description when read in conjunction with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] FIG. 1 A is a perspective view of a semiconductor package according to one 
embodiment of the present invention; 

[0012] FIG. IB is a cross-sectional side view taken along the line 1-1 of FIG. 1A; 
[0013] FIG. 1C is a perspective view showing the semiconductor package of FIG. 1 A 
mounted to an external device; 

[0014] FIG. 2 A is a perspective view of a semiconductor package according to another 
embodiment of the present invention; 

[0015] FIG. 2B is a cross-sectional side view taken along the line 2-2 of FIG. 2 A; 
[0016] FIG. 2C is a perspective view of the semiconductor package of FIG. 2 A mounted 
to an external device; 

[0017] FIG. 3 A is a perspective view of a semiconductor package according to another 
embodiment of the present invention; 

[0018] FIG. 3B is a cross-sectional side view taken along the line 3-3 of FIG. 3 A; 
[0019] FIG. 3C is a perspective view showing the semiconductor package of FIG. 3A 
mounted to an external device; 

[0020] FIG. 3D is a cross-sectional side view of an alternative mounting for the 
semiconductor package of FIGS. 3A-3C; 

[0021] FIG. 4 A is a perspective view of a semiconductor package according to another 
embodiment of the present invention; 

[0022] FIG. 4B is a cross-sectional side view taken along the line 4-4 of FIG. 4A; and 
[0023] FIG. 4C is a cross-sectional side view showing the semiconductor package of 
FIG. 4A mounted to an external device; and 

[0024] FIG. 4D is a perspective view of an alternative mounting for the semiconductor 
package of FIGS. 4A-4C. 

[0025] Similar reference numerals are used throughout the drawings as well, detailed 
descriptions are used to indicate like elements. 
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DETAILED DESCRIPTION 

[0026] FIG. 1A shows a semiconductor package 100 that includes a substrate 130 that is 
coupled to one of the four planar peripheral side surfaces of the packaged semiconductor 
die 110. FIG. IB provides a sectional view taken along the line 1-1 of FIG. 1A. FIG. 1C 
shows the semiconductor package 100 mounted on an external device 170, e.g., a printed 
circuit board. 

[0027] Referring to FIGS. 1A-1C, the semiconductor package 100 includes a 
semiconductor die 1 10, a layer of an insulative adhesive 120 bonded on a peripheral side 
1 13 of the semiconductor die 1 10, a substrate 130 bonded to the adhesive 120 opposite 
the semiconductor die 1 10, a plurality of conductive wires 140 electrically coupling the 
semiconductor die 1 10 to the substrate 130, an encapsulant 150 that covers the 
conductive wires 140, and the active surface 1 1 1 of the semiconductor die 1 10, a planar 
peripheral surface 120a of the adhesive 120, and a peripheral surface 131 of the substrate 
130, all of which surfaces may be coplanar, and a plurality of solder balls 160 fused to a 
peripheral surface 133b of the substrate 130. It should be understood that the terms 
"perpendicular," "planar," "parallel," "coplanar," and the like, as used herein and in the 
claims, include a tolerance, e.g., "perpendicular" includes "approximately perpendicular." 
[0028] The semiconductor die 1 10 has the form a rectangular prism, and includes a 
planar active surface 1 1 1 and a planar inactive surface 112 opposed to the active surface 
111. The semiconductor die 1 10 further includes four planar peripheral side surfaces that 
are between and perpendicular to the active and inactive surfaces 1 1 1 and 112. Two of 
the four peripheral side surfaces, i.e., a side surface 113 and an opposite parallel side 
surface 1 14, are shown. A plurality of bond pads 1 15 are formed at the active surface 
111. In this example, all of the bond pads 1 15 are arranged in a single adjacent to the 
third surface 113. The thickness of the semiconductor die 110, which is not back- grinded 
or otherwise thinned, is approximately 29 mils between the active and inactive surfaces 
111, 112. 

[0029] The layer of adhesive 120 is bonded to the third surface 1 13 of the semiconductor 
die 1 10, and covers the entirety of third surface 1 13. A planar surface 120a of the 
adhesive layer 120 is coplanar with active surface 111. Here, the material of the adhesive 
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120 may be an adhesive tape, an epoxy, or the like. However, the present invention is not 
limited to any material of the adhesive. 

[0030] The substrate 130 is bonded to the adhesive 120. The substrate 130 has the form 
of a rectangular prism, and includes a rectangular major first surface 133a that faces side 
surface 1 13 of semiconductor die 1 10 and is coupled thereto by adhesive 120, a 
rectangular major second surface 133b opposed to the first surface 133a, and four 
rectangular planar peripheral side surfaces that are perpendicular to and between the first 
and second surfaces 133a, 133b. Two of those four peripheral surfaces, i.e., a third 
surface 131 and an opposite parallel fourth surface 132, are shown. First and second 
surfaces 133a, 133b have the same, or approximately the same, area as side surface 113 
of semiconductor die 110. First surface 133a is entirely covered by the adhesive layer 
120. The third surface 131 of the substrate 130 is flush with (i.e., coplanar with) the 
active surface 1 1 1 of the semiconductor die 110, and the fourth surface 132 of the 
substrate 130 is flush with the inactive surface 1 12 of the semiconductor die 110. The 
thickness of substrate 130 between first and second surfaces 133a, 133b is much less than 
the thickness of semiconductor die 1 10 between side surfaces 1 13, 1 14. Accordingly, the 
whole size of the semiconductor package 100 is close to that of the semiconductor die . : 
110 alone. 

[0031] The substrate 130 includes an electrically insulative core, which may be formed 
of one or more layers of any suitable insulative material, such as polyimide, epoxy resin, 
FR4, ceramic, and the like. The substrate 130 further includes a plurality of electrically 
conductive circuit patterns at the surface of, and within, the core insulative layer of 
substrate 130, including a plurality of bond fingers 134 at third surface 131 and a 
plurality of ball lands 135 at the second surface 133b thereof. Here, the ball lands 135 
are formed at the second surface 133b in two parallel rows. The ball lands 135 of the two 
rows alternate, with each ball land 135 of one row being between two ball lands 135 of 
the other row (except at the ends), so that the ball lands 135 form a zigzag pattern. A 
plurality of electrically conductive vias 136 extend through the insulative core of 
substrate 130 between third surface 131 and second surface 133b. Each of the bond 
fingers 134 is electrically coupled to a respective one of the ball lands 135 by a respective 
one of the conductive vias 136. The conductive vias 136 each include a right angle bend 



7 



BK-00006 



Express Mail No.: EV 302 354 106 US 



or joint between a first portion extending inward from the bond finger 134 and third 
surface 131 that is parallel to first and second surfaces 133a, 133b, and a second portion 
that extends perpendicularly inward from second surface 133b and the ball land 135. The 
circuit patterns may be formed of metal, conductive ink, or the like. 
[0032] Each of the bond pads 115 of the semiconductor die 1 10 is electrically coupled to 
a respective one of the bond fingers 134 of the substrate 130 by a respective one of a 
plurality of electrically conductive wires 140. Here, since the semiconductor die 1 10 is 
very close to the substrate 130, and the bond pads 1 15 are adjacent to side surface 113, 
the length of the conductive wires 140 is relatively short, thereby improving the electric 
efficiency of the semiconductor package 100. The material of the conductive wire 140 
may be aluminum (Al), copper (Cu), gold (Au), silver (Ag) and the like. 
[0033] The active surface 1 1 1 of the semiconductor die 1 10, the bond pads 1 15, the 
conductive wires 140, the peripheral surface 120a of the adhesive layer 120, the third 
surface 131 of the substrate 130, and the bond fingers 134 of semiconductor package 100 
are entirely covered by an electrically insulative encapsulant 150, which may be a 
hardened epoxy mold compound or other plastic, or a hardened liquid encapsulant. The 
encapsulant 150. includes a planar exposed peripheral first surface 151, and a planar 
peripheral unexposed second surface 1 52 that is opposite the first surface 151. The ■* . .) 
second surface 152 is formed on and bonded to the active surface 1 1 1, the adjacent 
peripheral surface 120a of adhesive layer 120, and the third surface 131 of substrate 130, 
all of which surfaces are coplanar. The encapsulant 150 also includes four rectangular 
planar peripheral surfaces that are between and perpendicular to the first and second 
surfaces 151, 152. Two of those four peripheral surfaces, i.e., a third surface 153 and an 
opposite parallel fourth surface 154, are shown. The third surface 153 of the encapsulant 
150 is flush with the second surface 133b of the substrate 130, and the fourth surface 154 
of the encapsulant 150 is flush with the side surface 1 14 of the semiconductor die 110. 
Accordingly, the inactive surface 112, and three of the four peripheral side surfaces of the 
semiconductor die 1 10 (i.e., the side surface 1 14, and the two parallel unshown peripheral 
side surfaces) are exposed to the outside environment, which provides semiconductor 
package 100 with excellent heat radiation and a near-chip size. 



8 



BK-00006 



Express Mail No.: EV 302 354 106 US 



[0034] Each of the plurality of solder balls 160 is fused to a respective one of the ball 
lands 135 of second surface 133b of substrate 130. Since the ball lands 135 are arranged 
in a zigzag pattern, the solder balls 160 are also form a zigzag pattern. 
[0035] Semiconductor package 100 is mounted on external device 170 of FIG. 1C by an 
electrical coupling of the solder balls 160 to corresponding circuit patterns of the external 
device 170. In particular, the solder balls 160 are fused to the circuit patterns of the 
external device 170. Electrical signals pass between the semiconductor die 1 10 and 
circuit patterns of the external device 170 through the bond pads 1 15, the conductive 
wires 140, the bond fingers 134, the electrically conductive vias 136, the ball lands 135, 
and the solder balls 160. In an alternative embodiment, the solder balls 160 may be 
omitted or replaced by another type of external interconnect. 

[0036] In the mounting of FIG. 1C, the semiconductor package 100 is mounted so that 
side surface 113 of semiconductor die 110, second surface 133b of substrate 130, and 
peripheral surface 153 of encapsulant 150 are parallel to and face the mounting surface 
170a of external device 170. Side surface 114 of semiconductor die 1 10 and side surface 
154 of encapsulant 150 are parallel to, but face away from, the mounting surface 170a of 
external device 170. The active and inactive surfaces 1 1 1, 1 12 of semiconductor die 110, 
the third and fourth surfaces 131, 132 of substrate 130, and the first and second surfaces 
151, 152 of encapsulant 150 are perpendicular to the mounting surface 170a of external 
device 130. Accordingly, the area of mounting surface 170 occupied by semiconductor 
package 100 is very small, which allows for a high mounting density. Further, the zigzag 
pattern of the solder balls 160 allows for the joints between the solder balls 160 and the 
mounting surface 170a to be in a zigzag pattern, which provides for a high strength 
connection between the semiconductor package 100 and the external device 170. 
[0037] In an alternative embodiment, the ball lands 135 and solder balls 160 may be 
arranged in a single row, in aligned plural rows (i.e., not a zigzag pattern), or in three or 
more aligned or zigzag rows. 

[0038] In an alternative embodiment, the vias 136 may be replaced by conductive circuit 
patterns that extend between the bond fingers 134 and ball lands 135 over third surface 
131 and second surface 133b. 
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[0039] In an alternative embodiment, the bond pads 115 may be arranged differently than 
in semiconductor package 100, e.g., the bond pads 115 may be arranged in plural rows 
along side surface 1 13, or along side surface 1 13 and in a central region of the active 
surface 1 1 1, or even in a quad row arrangement along all four edges of active surface 
111, although such arrangements would increase the length of the bond wires 140. 
[0040] FIGS. 2A-2C show a semiconductor package 200 in accordance with another 
embodiment of the present invention. FIG. 2 A is a perspective view of semiconductor 
package 200. FIG. 2B provides a sectional view taken along the line 2-2 of FIG. 2 A. 
FIG. 2C shows the semiconductor package 200 mounted on an external device 270, e.g., 
a printed circuit board. 

[0041] Referring to FIGS. 2A-2C, the semiconductor package 200 includes a 
semiconductor die 210, two layers of an insulative adhesive 220 each bonded on a 
respective one of the opposed parallel peripheral side surfaces 213, 214 of the 
semiconductor die 210, two substrates 230 each bonded to a respective one of the layers 
of adhesive 220 opposite the semiconductor die 210, a plurality of conductive wires 240 
electrically coupling the semiconductor die 210 to the two substrates 230, an encapsulant 
250 that covers the conductive wires 240 and the active surface 21 1 of the semiconductor 
die 210, an adjacent peripheral surface 220a of the each of the layers of adhesive 220, and 
a peripheral surface 232 of the each of the substrates 230, and a plurality of solder balls 
260 fused to the substrates 230. 

[0042] The semiconductor die 210 has the form of a rectangular prism, and includes a 
planar rectangular active surface 211 and a planar rectangular inactive surface 212 
opposed to the active surface 211. The semiconductor die 210 further includes four 
rectangular planar peripheral side surfaces that are between and perpendicular to the 
active and inactive surfaces 211 and 212. Two of those four peripheral side surfaces, i.e., 
a side surface 213 and an opposite parallel side surface 214, are shown. The peripheral 
side surfaces 213, 214 were formed when the semiconductor die 210 was singulated from 
a semiconductor wafer. A plurality of bond pads 215 are formed at the active surface 
21 1. In this example, the bond pads 215 are formed in two rows along opposed edges of 
active surface 211, with one row adjacent to each of the side surfaces 213, 214. 
Alternatively, the bond pads 215 may be arranged in four rows, with one row adjacent 
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each of the four edges of active surface 211, i.e., quad type. The thickness of the 
semiconductor die 210, which is not back-grinded or otherwise thinned, is approximately 
29 mils between the active and inactive surfaces 212, 212. 
[0043] A first layer of the adhesive 220 is bonded to the side surface 213 of the 
semiconductor die 210, and covers the entirety of side surface 213, and a second layer of 
the adhesive 220 is bonded to the side surface 214 of the semiconductor die 210, and 
covers the entirety of side surface 214. A planar surface 220a of each adhesive layer 220 
is coplanar with active surface 211. Here, the material of the adhesive 220 may be an 
adhesive tape, an epoxy, and the like. 

[0044] Each of the two substrates 230 is bonded to a respective one of the adhesive 
layers 220. Each substrate 230 has the form of a rectangular prism, and includes a planar 
rectangular major first surface 233a that faces, is parallel to, and is coextensive with the 
respective adjacent side surface 213 or 214 of semiconductor die 210 and is coupled 
thereto by the adhesive 220, and a parallel planar rectangular major second surface 233b 
opposed to the first surface 233a. Each substrate 230 further includes four rectangular 
planar peripheral surfaces perpendicular to and between the first and second surfaces 
233a, 233b. Two of those four peripheral side surfaces, i.e., a third surface 231 and an 
opposite parallel fourth surface 232, are shown. The third surface 231 of each substrate 
230 is flush with (i.e., coplanar with) the active surface 211 of the semiconductor die 210 
and with adhesive layer surface 220a, and the opposite fourth surface 232 of the substrate 
230 is flush with the inactive surface 212 of the semiconductor die 210. The thickness of 
substrate 230 between first and second surfaces 233a, 233b is much less than the 
thickness of semiconductor die 210 between side surfaces 213, 214. Accordingly, the 
whole size of the semiconductor package 200 is close to that of the semiconductor die 
210 alone. 

[0045] Each substrate 230 includes an electrically insulative core, which may be formed 
of one or more layers of any suitable insulative material, such as polyimide, FR4, epoxy 
resin, ceramic, and the like. The substrate 230 further includes a plurality of electrically 
conductive circuit patterns at the surface of, and within, the core insulative layer of 
substrate 230, including a plurality of bond fingers 234 at third surface 231 and a 
plurality of ball lands 235 formed at the opposite fourth surface 232 thereof. Here, the 
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ball lands 235 are formed in a single row on each of the substrates 230. A plurality of 
electrically conductive vias 236 extend straight through the insulative core of substrate 
230 between third surface 231 and fourth surface 232. Each of the bond fingers 234 of 
each substrate 230 is electrically coupled to a respective one of the ball lands 235 by a 
respective one of the conductive vias 236. In an alternative embodiment, the vias 236 
may be replaced with circuit patterns that extend between the bond fingers 234 and the 
ball lands 235 of the third and fourth surfaces 231, 232, respectively, over the second 
surface 233b of the substrate 230. 

[0046] Each of the bond pads 215 of the semiconductor die 210 is electrically coupled to 
a respective one of the bond fingers 234 of the nearest one of the two substrates 230 by a 
respective one of a plurality of electrically conductive wires 240. Here, since the bond 
pads 215 are closely adjacent to one of the side surfaces 213, 214, the length of the 
conductive wires 240 is relatively short, thereby improving the electric efficiency of the 
semiconductor package 200. The material of the conductive wire 240 may be aluminum 
(Al), copper (Cu), gold (Au), silver (Ag) and the like. However, the present invention is 
not limited to any material of the conductive wire. 

[0047] The active surface 21 1 of the semiconductor die 210, the bond pads 215, the s 
conductive wires 240, the peripheral surface 220a of the adhesive layers 220, the third 
surface 232 of the substrates 230, and the bond fingers 234 of semiconductor package 
200 are entirely covered by an electrically insulative encapsulant 250, which may be a 
hardened epoxy mold compound or a hardened liquid encapsulant. The encapsulant 250 
includes a planar exposed first surface 251, and a planar unexposed second surface 252 
that is opposite the first surface 251. The second surface 252 is formed on and bonded to 
the active surface 21 1, the peripheral surface 220a of each of the adhesive layers 220, and 
the third surface 231 of each substrate 230, all of which surfaces are coplanar. The 
encapsulant 250 also includes four rectangular planar peripheral surfaces that are between 
and perpendicular to the first and second surfaces 251, 252. Two of those four peripheral 
side surfaces of encapsulant 250, i.e., third surface 253 and parallel opposite fourth 
surface 254, are shown. The third surface 253 of the encapsulant 250 is flush with the 
second surface 233b of the substrate 230, and the fourth surface 254 of the encapsulant 
250 is flush with the side surface 214 of the semiconductor die 210. Accordingly, the 
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inactive surface 212 and two of the four peripheral side surfaces (see FIG. 1 A) of the 
semiconductor die 210 (i.e., the two others besides side surfaces 213, 214) are exposed to 
the outside environment, which provides semiconductor package 200 with excellent heat 
radiation and a near-chip size. 

[0048] On each of the substrates 230, each of a plurality of solder balls 260 is fused to a 
respective one of the ball lands 235 of the fourth surface 232 of the substrate 230. 
[0049] Semiconductor package 200 is mounted on external device 270 of FIG. 2C by an 
electrical coupling of the solder balls 260 to corresponding circuit patterns of the external 
device 270. That is, the solder balls 260 are fused to the circuit patterns of the external 
device 270. Electrical signals pass between the semiconductor die 210 and circuit 
patterns of the external device 270 through the bond pads 215, the conductive wires 240, 
the bond fingers 234, the electrically conductive vias 236, the ball lands 235, and the 
solder balls 260. 

[0050] In the mounting of FIG. 2C, the semiconductor package 200 is mounted so that 
inactive surface 212 of semiconductor die 210, and fourth surface 232 of the substrates 
230 face and are parallel to the mounting surface 270a of external device 270. 
Accordingly, the area of mounting surface 270a occupied by semiconductor package 200 
is very small, which allows for a high mounting density. In an alternative embodiment, 
the ball lands 235 and solder balls 260 may be arranged in a plural rows on each substrate 
230. 

[0051] FIG. 3A shows a semiconductor package 300 that includes a substrate 330 that is 
coupled to one of the four planar peripheral side surfaces of the packaged semiconductor 
die 310. FIG. 3B provides a sectional view taken along the line 3-3 of FIG. 3 A. FIG. 3C 
shows the semiconductor package 300 mounted on an external device 370, e.g., a printed 
circuit board. 

[0052] Referring to FIGS. 3A-3C, the semiconductor package 300 includes a 
semiconductor die 310, a layer of an insulative adhesive 320 bonded on a peripheral side 
313 of the semiconductor die 310, a substrate 330 bonded to the adhesive 320 opposite 
semiconductor die 310, two insulative layers 340, 350 that successively overlie the active 
surface 313 of semiconductor die 310 and that include conductive circuit patterns that 
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electrically couple the semiconductor die 310 to the substrate 330, and a plurality of 
solder balls 360 fused to a peripheral surface 333b of the substrate 330. 
[0053] The semiconductor die 3 10 has the form of a rectangular prism, and includes an 
active surface 311 and an inactive surface 312 opposed to the active surface 311. The 
semiconductor die 310 further includes four planar rectangular peripheral side surfaces 
that are between and perpendicular to the active and inactive surfaces 311 and 312. Two 
of those four peripheral side surfaces, i.e., a third surface 331 and an opposite parallel 
fourth surface 334, are shown. A plurality of bond pads 315 are formed at the active 
surface 311 of semiconductor die 310. In this example, the bond pads 315 are arranged 
in a single row that is adjacent to the side surface 313. There are no corresponding bond 
pads 315 along side surface 314. The thickness of the semiconductor die 310, which is 
not back-grinded or otherwise thinned, is approximately 29 mils between the active and 
inactive surfaces 311, 312. 

[0054] The layer of adhesive 320 is bonded to the side surface 313 of the semiconductor 
die 310, and covers the entirety of side surface 313. A planar peripheral surface 320a of 
the adhesive layer 320 is coplanar with active surface 311. Here, the material of the 
adhesive 320 may be an adhesive tape, an epoxy and the like. 

[0055] The substrate 330 is bonded to the adhesive 320. The substrate 330 has the form 
of a rectangular prism, and includes a rectangular major first surface 333a that faces side 
surface 313 of semiconductor die 310 and is coupled thereto by adhesive 320, a 
rectangular major second surface 333b opposed to the first surface 333a, and four 
rectangular planar peripheral surfaces that perpendicular to and between the first and 
second surfaces 333a, 333b. Two of the four peripheral side surfaces, i.e., a third surface 
333 and an opposite parallel fourth surface 332, are shown. First and second surfaces 
333a, 333b of substrate 330 have the same, or approximately the same, area as side 
surface 313 of semiconductor die 310. First surface 333a is entirely covered by the 
adhesive layer 320. The third surface 331 of the substrate 330 is flush with (i.e., coplanar 
with) the active surface 31 1 of the semiconductor die 310, and the fourth surface 332 of 
the substrate 330 is flush with the inactive surface 312 of the semiconductor die 310. The 
thickness of substrate 330 between first and second surfaces 333a, 333b is much less than 
the thickness of semiconductor die 310 between side surfaces 313, 314. Accordingly, the 
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whole size of the semiconductor package 300 is close to that of the semiconductor die 

310 alone. 

[0056] The substrate 330 includes an electrically insulative core, which may be formed 
of one or more layers of any suitable insulative material, such as polyimide, epoxy resin, 
FR4, ceramic, and the like. The substrate 330 further includes a plurality of electrically 
conductive circuit patterns at the surface of, and within, the core insulative layer of 
substrate 330, including a plurality of bond fingers 334 at third surface 33 1 and a 
plurality of ball lands 335 formed at the second surface 333b thereof. Here, the ball lands 
335 are formed at the second surface 333b in two parallel rows. The ball lands 335 of the 
two rows alternate, with each ball land 335 of one row (except at the ends) being between 
two ball lands 335 of the other row, so that the two rows of ball lands 335 form a zigzag 
pattern. A plurality of electrically conductive vias 336 extend through the insulative core 
of substrate 330 between third surface 331 and second surface 333b. Each of the bond 
fingers 334 is electrically coupled to a respective one of the ball lands 335 by a respective 
one of the conductive vias 336. The conductive vias 336 each include a right angle bend 
or joint between a first portion extending perpendicularly inward from bond finger 334 
and third surface 331 parallel to first and second surfaces 333a, 333b, and a second 
portion that extends inward perpendicularly inward from second surface. 333b and the 
ball land 335. In an alternative embodiment, the vias 336 may be replaced by circuit 
patterns that extend between bond fingers 334 and lands 335 over third surface 331 and 
second surface 333b. 

[0057] The active surface 31 1 of the semiconductor die 310, the bond pads 315, the 
planar surface 320a of adhesive layer 320, the third surface 333 of the substrate 330, and 
the bond fingers 334 are entirely covered by a protective electrically-interconnective 
structure that, in this example, is formed by successive layers 340, 350 of an electrically 
insulative material (e.g., polyimide, ceramic, epoxy resin) through which and/or on which 
electrically conductive circuit patterns 341, 342, and 351 extend. 
[0058] A first insulating layer 340 contacts, is bonded to, and covers the active surface 

311 of the semiconductor die 310, adhesive layer surface 320a, and the third surface 331 
of the substrate 330, all of which surfaces are coplanar. The first insulating layer 340 
includes a plurality of parallel conductive circuit patterns 341 and 342 that extend 
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through the first insulating layer 340 in a direction perpendicular to the active surface 311 
of semiconductor die 310 and the long dimension of the layers 340, 350. Each of the 
conductive circuit patterns 341 is disposed so that one of its ends faces a respective one 
of the bond pads 315 of semiconductor die 310. The particular end of the conductive 
circuit pattern 341 is electrically coupled to the juxtaposed bond pad 315. Similarly, each 
of the conductive circuit patterns 342 is disposed so that one of its ends faces a respective 
one of the bond fingers 334 of substrate 330. The particular end of the conductive circuit 
pattern 342 is electrically coupled to the juxtaposed bond finger 334. 
[0059] The second insulating layer 350 contacts, is bonded to, and covers the first 
insulating layer 340 opposite the active surface 311. The second insulating layer 350 
includes a plurality of conductive circuit patterns 351 that extend through second 
insulating layer 350 in a direction parallel to active surface 311 and to the long dimension 
of layers 340, 350, and perpendicular to conductive circuit patterns 341, 342. Each 
conductive circuit pattern 351 extends between and electrically couples one of the 
conductive circuit patterns 341 and one of the conductive circuit patterns 342. 
Accordingly, the bond pads 315 of the semiconductor die 310 and the bond fingers 334 of 
the substrate 330 are electrically coupled to each other by means of the first conductive 
v circuit patterns 341 and 342 and the second conductive circuit patterns 35 1 . A surface r • 

351a of each of the conductive circuit patterns 351 is exposed at the outer exposed 
surface 350a of the second insulating layer 350. 

[0060] The first and second insulating layers 340, 350 are rectangular in area, and 
successively cover the active surface 31 1 of semiconductor die 310, the adhesive layer 
surface 320a, and the third surface 331 of substrate 330, all of which surfaces are 
coplanar. The first and second insulating layers include rectangular major peripheral 
surfaces 340a, 350a, respectively. The four peripheral side surfaces of first and second 
insulating layers 340, 350 that extend perpendicularly between major surface 350a of 
second layer 350 and active surface 31 1, of which two parallel opposed side surfaces 352, 
354 are shown, are flush with, i.e., coplanar with, the corresponding peripheral sides of 
semiconductor die 310 or substrate 330, e.g., side surface 352 is flush with side surface 
314 of semiconductor die 310 and side surface 354 is flush with second surface 333b of 
substrate 330. 
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[0061] The first and second insulating layers 340, 350 may be applied through a screen 
printing process, or may be preformed and attached to each other and to semiconductor 
die 3 10 and substrate 330 with an adhesive layer. The first conductive circuit patterns 
341 and 342 and the second conductive circuit patterns 351 may be formed by screen 
printing or filling any one of gold (Au), silver (Ag) and solder (Sn/Pb) on and/or through 
the first and second insulating layers 340 and 350. 

[0062] Accordingly, the inactive surface 312, and three of the four peripheral side 
surfaces of the semiconductor die 310 (i.e., the side surface 314, and the two unshown 
parallel peripheral side surfaces) are exposed to the outside environment, which provides 
semiconductor package 300 with excellent heat radiation and a near-chip size. 
[0063] Each of the plurality of solder balls 360 is fused to a respective one of the ball 
lands 335 of second surface 333b of substrate 330. Since the ball lands 335 are arranged 
in a zigzag pattern, the solder balls 360 are also form a zigzag pattern. 
[0064] Semiconductor package 300 is mounted on external device 370 of FIG. 3C by an 
electrical coupling of the solder balls 360 to corresponding circuit patterns of the external 
device 370. That is, the solder balls 360 are fused to the circuit patterns of the external 
device 370. Electrical signals pass between the semiconductor die 3 1 0 and circuit 
patterns of the external device 370 through the bond pads 315, the conductive circuit ». 
patterns 341, 351, and 342, the bond fingers 334, the electrically conductive vias 336, the 
ball lands 335, and the solder balls 360. 

[0065] In the mounting of FIG. 3C, the semiconductor package 300 is mounted so that 
side surface 313 of semiconductor die 310, second surface 333b of substrate 330, and 
side surface 352 of first and second insulating layers 340, 350 are parallel to and face the 
mounting surface 370a of external device 370. Side surface 314 of semiconductor die 
310 and side surface 354 of encapsulant 350 are parallel to, but face away from, the 
mounting surface 370a of external device 370. The active and inactive surfaces 31 1, 312 
of semiconductor die 310, the third and fourth surfaces 331, 332 of substrate 330, and the 
long dimension of first and second insulating layers 340, 350 are perpendicular to the 
mounting surface 370a of external device 330. Accordingly, the area of mounting 
surface 370a occupied by semiconductor package 300 is very small, which allows for a 
high mounting density. Further, the zigzag pattern of the solder balls 360 allows for the 
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joints between the solder balls 360 and the mounting surface 370a to be in a zigzag 
pattern, which provides for a high strength connection between the semiconductor 
package 300 and the external device 370. 

[0066] In an alternative embodiment, the ball lands 335 and solder balls 360 may be 
arranged in a single row, in aligned plural rows (i.e., not a zigzag pattern), or in three or 
more aligned or zigzag rows. 

[0067] In a further alternative embodiment, the exposed major surface of the second 
insulating layer 350 may be entirely overlaid by a third insulating layer, e.g., a tape or a 
solder mask, so that the surface 351a of each of the conductive circuit patterns 351 is 
covered by the third insulating layer. 

[0068] FIG. 3D shows an alternative mounting for the semiconductor package 300 of 
FIGS. 3A-3C. In FIG. 3D, two semiconductor packages 300 are mounted on external 
device 370 adjacent to one another so that their respective active surfaces 3 1 1 and 
exterior surfaces 350a of their respective second insulating layers 350 face each other. 
The two packages 300 are electrically coupled together by a solder material or another 
electrically conductive connective material that is attached between the juxtaposed 

* surfaces 351a of the facing conductive circuit patterns 351 of the two packages . 

i [0069] FIGS. 4A-4C show a semiconductor package 400 in accordance with another 
embodiment of the present invention. FIG. 4A is a perspective view of semiconductor 
package 400. FIG. 4B provides a sectional view taken along the line 4-4 of FIG. 4A. 
FIG. 4C shows the semiconductor package 400 mounted on an external device 470, e.g., 
a printed circuit board. 

[0070] Referring to FIGS. 4A-4C, the semiconductor package 400 includes a 
semiconductor die 410, two layers of aa adhesive 420 each bonded on a respective one of 
the opposed parallel peripheral sides 413, 414 of the semiconductor die 410, two 
substrates 430 each bonded to a respective one of the layers of adhesive 420 opposite the 
semiconductor die 410, two insulative layers 440, 450 that successively overlie the active 
surface 41 1 of semiconductor die 410 and that include conductive circuit patterns 441, 
451, and 442, and a plurality of solder balls 460 fused to each of the two substrates 430. 
[0071] The semiconductor die 410 has the form of a rectangular prism, and includes a 
planar rectangular active surface 41 1 and a planar rectangular inactive surface 412 
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opposed to the active surface 411. The semiconductor die 410 further includes four 
rectangular planar peripheral side surfaces that are between and perpendicular to the 
active and inactive surfaces 41 1 and 412. Two of those four peripheral side surfaces, i.e., 
a side surface 413 and an opposite parallel side surface 414, are shown. The peripheral 
side surfaces 413, 414 were formed when the semiconductor die 410 was singulated from 
a semiconductor wafer. A plurality of bond pads 415 are formed at the active surface 
411. In this example, the bond pads 41 5 are formed in two rows along opposed edges of 
active surface 41 1, with one row adjacent to each of the side surfaces 413, 414. 
Alternatively, the bond pads 445 may be arranged in four rows, with one row adjacent 
each of the four edges of active surface 41 1 , i.e., a quad type semiconductor die. The 
thickness of the semiconductor die 410, which is not back-grinded or otherwise thinned, 
is approximately 29 mils between the active and inactive surfaces 411,412. 
[0072] A first layer of the adhesive 420 is bonded to the side surface 413 of the 
semiconductor die 410, and covers the entirety of side surface 413, and a second layer of 
the adhesive 420 is bonded to the opposite side surface 414 of the semiconductor die 410, 
and covers the entirety of side surface 414. A planar peripheral surface 420a of each of 
the adhesive layers 420 is coplanar with active surface 411. Here, the material of the j . 
' • . adhesive 420 may be an adhesive tape, an epoxy and the like. u 
[0073] Each of the two substrates 430 is bonded to a respective one of the adhesive 
layers 420. The substrate 430 has the form of a rectangular prism, and includes a 
rectangular major first surface 433a that faces, is parallel to, and coextensive with the 
respective adjacent side surface 413, 414 of semiconductor die 410 and is coupled thereto 
by the adhesive 420, a rectangular major second surface 433b parallel to and opposed to 
the first surface 433a, and four planar peripheral surfaces perpendicular to and between 
the first and second surfaces 433a, 433b. Two of the four peripheral surfaces, a third 
surface 431 and an opposite parallel fourth surface 432, are shown. The third surface 431 
of the substrate 430 is flush with (i.e., coplanar with) the active surface 41 1 of the 
semiconductor die 410, and the opposite fourth surface 434 of the substrate 430 is flush 
with the inactive surface 414 of the semiconductor die 410. The thickness of substrate 
430 between first and second surfaces 433a, 433b is much less than the thickness of 
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semiconductor die 410 between side surfaces 413, 414. Accordingly, the whole size of 
the semiconductor package 400 is close to that of the semiconductor die 410 alone. 
[0074] Each substrate 430 includes an electrically insulative core, which may be formed 
of one or more layers of any suitable insulative material, such as polyimide, FR4, epoxy 
resin, ceramic, and the like. The substrate 430 further includes a plurality of electrically 
conductive circuit patterns at the surface of, and within, the core insulative layer of 
substrate 430, including a plurality of bond fingers 434 at the third surface 431 and a 
plurality of ball lands 435 at the opposite fourth surface 434 thereof. Here, the ball lands 
435 are formed in a single row on each of the substrates 430. A plurality of electrically 
conductive vias 436 extend straight through the insulative core of substrate 430 between 
the third surface 431 and the fourth surface 434. Each of the bond fingers 434 of each 
substrate 430 is electrically coupled to a respective one of the to the ball lands 435 by a 
respective one of the conductive vias 436. 

[0075] The active surface 41 1 of the semiconductor die 410, the bond pads 415, the 
peripheral surface 420a of the adhesive layers 420, the third surface 431 of the substrates 
430, and the bond fingers 434 are entirely covered by a protective electrically 
interconnect ve structure that, in this example, is formed by successive layers 440, 450 of 
an electrically insulative material (e.g., polyimide, ceramic, epoxy resin) through which i; 
and/or on which electrically conductive circuit patterns 441, 442, and 451 extend. 
[0076] The first insulating layer 440 contacts, is bonded to and covers the active surface 
41 1 of the semiconductor die 410, the adhesive layer surfaces 420a, and the third surface 
431 of the substrates 430, all of which surfaces are coplanar. The first insulating layer 
440 includes a plurality of parallel conductive circuit patterns 441 and 442 that extend 
through the first insulating layer 440 in a direction perpendicular to the active surface 41 1 
of semiconductor die 410 and to the long dimension of layers 440, 450. Each of the 
conductive circuit patterns 441 is disposed so that one of its ends faces a respective one 
of the bond pads 415 of semiconductor die 410. The particular end of the conductive 
pattern 441 is electrically coupled to the juxtaposed bond pad 415. Similarly, each of the 
conductive circuit patterns 442 is disposed so that one of its ends faces a respective one 
of the bond fingers 434 of substrate 430. The particular end of the conductive pattern 
442 is electrically coupled to the juxtaposed bond finger 434. 
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[0077] The second insulating layer 450 contacts, is bonded to, and covers the first 
insulating layer 440 opposite the active surface 41 1. The second insulating layer 450 
includes a plurality of conductive circuit patterns 451 that extend through second 
insulating layer 450 in a direction parallel to the active surface 411 and to the long 
dimension of layers 340, 350, and perpendicular to conductive circuit patterns 441, 442. 
Each conductive pattern 451 extends between and electrically couples one of the 
conductive circuit patterns 441 and one of the conductive circuit patterns 442. 
Accordingly, the bond pads 415 of the semiconductor die 410 and the bond fingers 434 of 
the substrate 430 are electrically connected to each other by means of the first conductive 
circuit patterns 441 and 442 and the intervening second conductive circuit patterns 451. 
A surface 451a of each of the conductive circuit patterns 451 is exposed at the outer 
exposed surface 450a of the second insulating layer 450. 

[0078] The major surfaces 440a, 450a of the first and second insulating layers 440, 450, 
respectively, are rectangular in area, and are parallel to the active surface 41 1 of 
semiconductor die 410 and third surface 441 of substrate 440. The four peripheral side 
surfaces of the first and second insulating layers 440, 450, of which two opposed parallel 
side surfaces 452, 454 are shown, are flush with, i.e., coplanar with the corresponding . 
peripheral surfaces of the semiconductor die 410 or substrate 430, e.g., side surface 452 is 
flush with side surface 414 of semiconductor die 410 and side surface 454 is flush with 
second surface 433b of substrate 430. 

[0079] The first and second insulating layers 440, 450 may be applied through a screen 
printing process, or may be preformed and attached to each other and to semiconductor 
die 410 and substrates 430 with an adhesive layer. The first conductive circuit patterns 
441 and 442 and the second conductive circuit patterns 451 may be formed by filling any 
one of gold (Au), silver (Ag) and solder (Sn/Pb) on and/or through the first and second 
insulating layers 440 and 450. 

[0080] On each of the substrates 430, a plurality of solder balls 460 is fused to the ball 
lands 435 of the fourth surface 432 of each of the two substrates 430. 
[0081] Semiconductor package 400 is mounted on external device 470 of FIG. 4C by an 
electrical coupling of the solder balls 460 to corresponding circuit patterns of the external 
device 470. That is, the solder balls 460 are fused to the circuit patterns of the external 
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device 470. Electrical signals pass between the semiconductor die 410 and circuit 
patterns of the external device 470 through the bond pads 415, the conductive circuit 
patterns 441, 451, and 442, the bond fingers 434, the electrically conductive vias 436, the 
ball lands 435, and the solder balls 460. 

[0082] In the mounting of FIG. 4C, the semiconductor package 400 is mounted so that 
the inactive surface 414 of semiconductor die 410, and the second surface 432 of the 
substrates 430 face and are parallel to the mounting surface 470a of external device 470. 
Accordingly, the area of mounting surface 470a occupied by semiconductor package 400 
is small, which allows for a high mounting density. 

[0083] In an alternative embodiment, the ball lands 435 and solder balls 460 may be 
arranged in a plural rows on each substrate 430. 

[0084] In a further alternative embodiment, the exposed major surface 450a of the second 
insulating layer 450 may be entirely overlaid by a third insulating layer, e.g., a polyimide 
layer or a plastic tape or a solder mask, so that the surface 451a of conductive circuit 
patterns 451 is covered by the third insulating layer. 

[0085] In a further alternative embodiment, the vias 436 may be replaced with circuit 

patterns that extend between the bond fingers 434 and the ball lands 435 of the third and 

fourth surfaces 431, 432, respectively, over, the second surface 433b of the substrate 430. • ? 

[0086] FIG. 4D shows an alternative mounting for the semiconductor package 400 of 

FIGS. 4A-4C. A first semiconductor package 400 is stacked on a second semiconductor 

package 400 so that the solder balls 460 of the first semiconductor package are 

juxtaposed with, and electrically coupled to, the exposed surface 451a of the conductive 

circuit patterns 451 of the second semiconductor package 400. 

[0087] This disclosure provides exemplary embodiments of the present invention. The 
scope of the present invention is not limited by these exemplary embodiments. 
Numerous variations, whether explicitly provided for or implied by the specification, 
such as variations in structure, dimension, type of material and the manufacturing process 
may be implemented by one who is skilled in the art, in view of this disclosure. 
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